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iy

Afi investigation to determiné the performance &nd the opera-
tiontil cherdcteristics of an &xidi-fiow turbiné-propelier engine
has b86H cohdiicted in the Cleveiand altifﬁge vind tunnel. As part
of thils invéstigation, pressiiré &rd température date were obtained
st aititudes from 5000 to 35;000 feet compressor-inilet rem-pressure
ratios from 1.00 to 1.17, an& érigine speeds from 8000 to 13,000 rpm.
Averégs pré8sires aad ﬁemperaiures measured at each station in the
erigirie &rd preBented in tabular form for ali operating conditions.
The effects of erngine speed sheft horsepower énd caipressor-inlet
rém=pressiirs ratio on presauré and ﬁemperature distribution &t each
medduring station are présSented grEphicaliy.

Change§ it éngine speed had no épbréciéﬁie effect on the cir-
gt #hy of the meésuring stations With the exception of the ccmpras-
sor inlet; cailpressor outlet; &nd tail-pipe-nozzle outlet. As the
engingé Sp883 WEE increased, £he rédial distribution of total pres-
Bilrs 8t the comprédBof ifist becis lsus uniform, whereds the dis-
tribitbion &t the tail-pipe-nozzls outlst becéme mors nedrly sym-
nstrical with rFespéct Eo the &efiter of the tail pipe. ILarge veria-
tions in the circumferential distribution of dynémic pressure at
ths comiprefiscy outist ocelirred &t Eil engine speeds.

Veriations in sheft horsspowst did ot greatly sffect the
circumferential or radial distribution of pressures and tempera-
tures &t fiy fis8Huring stéation excépt the tail-pipe-nozzle outlet,
whers the total-pressure distribution beceme more uniform as the
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2 NACA RM No. ESF10b

engine power was increased, Changes in rem-pressure ratio fram
1.00 to 1.09 did not affect the distribution of pressures and tem-
peratures. Flow separation in the upper region of the right wing-
duct inlet occurred for some operating conditions and was attributed
to high inlet-velocity ratio and rotation of the propeller slip-
gtream. Losees in total pressure between the ccmpressor outlet

and the turbine inlet were approximately 0.9 of the dynemic pres-
sure at the compressor outlet.

INTRODUCTION

An investigation to determine the performance and the opers-
tional characteristics of the axial-flow gas turbine-propeller engine
has been conducted in the Cleveland altitude wind tunnel. As pert of
this investigation, pressure and temperature data were obtained at
altitudes from 5000 to 35,000 feet, campressor-inlet ram-pressure
ratios from 1.00 to 1.17, and engine speeds from 8000 to 13,000 rpm.
Performance characteristics of this engine are presented in refer-
ence 1 and windmilling characteristice in reference 2.

Typicel surveys of total pressures, static pressures, and
indicated temperatures at the measuring stations throughout the
engine are presented herein. The effects of englne speed, shaft
horsepower, and compressor-inlet rem-pressure ratio on these pres-
sure and temperature distributions are briefly dilscussed. Average
pressures and temperatures measured at each statlon in the engine
are presented in tabular form for all the operating conditions
presented in reference 1.

IRSTALLATION AND PROCEDURE

The maln components of the T31l gas turbine-propeller engine
are a l4-stage axial-flow compressor, nine cylindrical counter-
flow combustion chambers, a single-stage turbine, an exhaust
cone, and a two-stage planetary reduction gear (fig. 1). The
over-all length of the axial-flow gas turbine-propeller engine
1s 116 Iinches and the maximum diameter 1s about 37 inches. The
dry weight of the engine, including piping and all accessories,
1s 1980 pounds. The engine was installed in a streamlined wing
nacelle that was mounted in the 20-foot-diameter test section of
the Cleveland altitude wind tunnel. A four-blade Hamilton-Standard
superhydromatic propeller with a diemeter of 12 feet, 7 inches was
instelled on the engine (fig. 2).

[ Xaka)



NACA RM No. ESF1l0b 3

Air entered the installation through two wlng ducts with leading-
edge inlets behind the propeller. The vertical center lines of the
inlets were located along the wing span at about 80 percent of the
blede redius (fig. 3). From the ducts, the air flowed through an
annuler inlet into the campressor. Alr discharged from the compres-
sor was turned 180° before entering the combustion chembers, EHot
gases leaving the combustion chambers pessed through the turbine
nozzles and the single-stage turbine into an anmmmler exhaust cone.

The exhaust gases were discharged through a stralght tall pipe
96 inches in length and 14 Inches in diameter.

The .' operating limits for static sea-level conditions as
eatablished by the manufacturer are:

Turbine speed:

Meximum overspeed, rpm e o o s o 13,500

Normel rated, TIM .« ¢ o o s ¢ « o 2 o« o o o e o« o « o 13,000
Id-lim, m - . * . * L . L] . L] L ] L] L L L] L] L] L] * L . 10,000
Exhaust-gas temperatures (at exhaust-cone outle

e o o o che o o
g
s s o @ s s o ¢

Military rating, 5 minutes, °F . . . « . .+ . e o o o « o 1265
Norma.loontinuousratins,él'. e o o o s o e e ¢ s o o » 1270
Starting and acceleration, °F . . . . . . . « « « o o o 1800
Bearing temperatures, F . . + « ¢ ¢ o o « o o &« o s o o o 250

Vibration:
At turdbine frequency, 1n. .« « ¢+ « ¢ ¢ o ¢ s + ¢ o o o o o 0,004
At propeller frequency, IN. « « ¢ o« ¢ ¢« ¢ ¢ ¢ o ¢ ¢ o o « 0,025

A description of the instrumentetion installed at each measuring
station (figs. 1 and 3) is presented in reference l. Pressures were
messured. on mercury, alkazene, and water monometers and were photo-
graphically recorded. Temperatures were recorded on two self-
balencing potenticmeters.

The investigation was conducted at altitudes from 5000 to
35,000 feet and compressor-inlet ram-pressure ratios fraom 1.00
to l 17. At each altitude and compressor-inlet rem-pressure ratlo,
engine speeds were vearied fram 8000 to 13,000 rpm. The engine
shaft horsepower measured at the torqueme‘ber ranged from 70 to
1050 horsepower. Ambient pressures and tempersastures were maln-
tained at approximately NACA stendard altitude conditions.



4 NACA RM No. ESF10b

RESULTS AND DISCUSSION

The average values of total pressure, static presgure, and
indicated temperature at each measuring station are presented in
table I for all operating conditions investigated. The effects of
engine speed, shaft horsepower, and campressor-inlet ram-pressure
ratio on pressure and temperature distributions at each measuring
station are shown in figures 4 to 32. All instrumentation except
that at the wing-duct inlets was viewed in the direction of air
flow.

Effect of engine speed. - A typical over-all average pressure
profile through the engine is presented in-figure 4 to show the
effect of engine speed on the average pressure at each measuring
station. When the engine speed was increased fram 10,000 to
15,000 rpm at approximately constant tail-pipe temperature, the
average pressures at the turbine inlet (station 5) were increased
approximately €60 percent, whereas the average pressures at the
turbine outlet (station 6) vere raised approximately 10 percent.
The effect of changing the engine speed from 10,000 to 13,000 rpm
on the pressuwre and temperature distribution at ea,ch measuring
station is shown in figures 5 to 13 for an altitude of 5000 feet
and a compressor-inlet ram-pressure ratio of 1.00. For these
engine speeds, the aversge temperature et the Junction of the
exhaust cone and the tail pipe was approximately 1500° R.

The wing-duct inlet surveys presented in figure 5 show that
at engine speeds of 10,000 and 11,000 rpm very low total pressures
were obtained in the upper region of the right wing-duct inlet.
These low total pressures apparently resulted from flow separation
on the inner surface of the upper lip. Although the inlet-velocity
ratios for these operating conditions were above unity, the total-
pressure dietribution at the left duct inlet was uniform. Flow
separation at the right duct inlet was probebly caused by a com-
bination of the rotation of propeller slipstream and the high
inlet-velocity ratios. At englne speeds of 12,000 and 13,000 rpm,
the total-pregsure distribution was uniform for both inlets.

At the ccompressor inlet (fig. 6), the radial pressure pro-
files.were uniform at engine speeds of 10,000 end 11,000 rpm.
As the engine speed was increased to 13,000 rpm, the totel pres-
sure at the middle portion of the annuler passage increased ard
the static pressure decreased, which indicates that the wvelocity
in this region was higher than at the wall. A reasonably uniform
circumferential pressure distribution was cbtained at all engine
speeds.

I€R
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A survey of the statlic pressure through the campressor for
several engine speeds 1s shown in figure 7. Campressor-outlet pres-
sure aml temperabure distributicns are shown in figure 8. Close
agreement existed between the total-pressure messurements obtalned
with tubes located on the strute in the campressor-cutlet passage
and the center tube of the rakes with the exception of reke 3. A
uniform circumferential static-pressure distribution was cbtained;
however, varilations in the total-pressure distribution resulted in
a large dynsmic-pressure gradient around the campressor-outlet
anmmulus. For each englne speed, the dynamic pressure at rake 2
was approximately three times as great as at rake 1. The circum-
ferentiel distribution of totsl and static pressures at the turbine
inlet was uniform for each engine speed, as shown in figure 9.
Because the compressor-outlet stetic pressures were uniform and the
pressure loss through the oambustion chambers wes approximately
0.9 of the dynamic pressure at the compressor outlet, the resultant
digtribution of total presswre at the turbine inlet was unifocrm.

Turbine-outlet total and statlic pressures are shown in
figure 10 and turbine-cutlet indicated temperetures 1n figure 1l.
The circumferentiel dlstribution of total and static pressures
was nearly uniform for the four engine speeds presented. A con-
siderable raedial total-pressure veriation was observed at rake 3
for engine speeds of 12,000 and 13,000 rpm. In general, the static
pressures measured by water statlc-pressure tubes were lower then
those measured by wall static-pressure tubes. With the exception
of cambustion cheambers 1, 7, and 8, the turbine-outlet indicated
temperatures were fairly uniform. The large temperature variation
among these three combustion chambers probably resulted frcm uneven
fuel and alr distribution. Flow-bench tests showed that the fuel
nozzle installed in ccmbustion chember 7 had the highest fuel flow
under all conditions investigated, which accounted in peart for the
highest temperature occurring in thet combustlion chember. As the
engine speed was lncreased teo 12,000 rpm, the tempersture differ-
ential at the turbine outlet was decreased; however, at 13,000 rpm
e slightly greater differentlal was observed than at 12,000 rpm.
Owlng to the effect of rediation on the thermocouples, temperatures
measured at the turbine outlet were used only tc determine burner
ignition and unbalance.

Circumferential distributions of totel pressure, statlc pres-
suwre, and indicated temperature measured at the exhaust-cone outlet
(£ig. 12) were uniform for the range of engine speeds presented.
For same condlitions, not shown graphlically, however, temperature
variations as greet as 140C were observed. Two thermocouples
located at thls statlion were connected 1n parsllel to a gege on



6 NACA RM No. E&F10b

the engine control panel to imdicate limiting exhaust-gas tempera-
tures. The temperature measured by these thermocouples i1s not shown
in figure 12. Exhaust-gas temperature limits were established at
this station by the manufacturer.

The distridution of pressures and temperatures in a vertical
plane across the tail-pipe-nozrzle exit is shown in figure 135. The
total-presewre profile at this station changed with engine speed.
It is noted that the distribution of total pressure for the top
and bottom halves of the reke was not symmetrical.. As the engine
speed wes Increased, the total-pressure profile beceme more uni-
form with respeot to the center of the tail pipe. In order to
obtain accurate measurements both vertically and circumferentially,
it would be necessary to make surveys in more than one planse.
Temperatures measured at the tail-pipe~nozrle-exit rake agreed
reasonably well with the average turbine-outlet temperature, but
for some conditions these temperatures were higher than those
measured at the Junction of the exhaust cone and the tail pipe.

Effect of shaft horsepower. - A typicel over-all pressure pro-
file through the engine showing the effect of shaft horsepower is
presented in figure 1l4. Total-presswre, static-pressure, and
indicated-temperature distributions at each measuring station are
shown in figures 15 to 23 for shaft horsepowers of 425 and 951 at
an engine speed of 13,000 rypm. These data were obtained at an
altitude of 5000 feet and a compressor-inlet rem-pressure ratio
of 1.00.

The change in shaft horsepower had no appreciable effect on
the pressure and temperature distributions at the wing-duct inlets
anl the compressor inlet. An increase in shaft horsepower ralsed
the compressor-pressure ratio as shown by the increase in static
pressure for each stage of the compressor stator in figure 17.
Inasmuch as choking occurred at the turbine nozzles, the higher
fuel flow required to increase the shaft horsepower resulted in
& higher turbine-inlet temperature amd pressure and consequently
a higher compressor~presgsure ratio.

The change of power had no apprecliable effect on the distri-
butions of pressure ana temperature at the compresscor outlet, che
turbine inlet, and the turbine outlet, as shown in figures 18 to 21.
The temperature level at the turbine outlet, however, was ralsed
approximately 200° R with the increase in shaft horsepower (fig. 21).
The survey at the exhaust-cone outlet shows a slight change in the
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ciroumferential total-pressure distribution (fig. 22). An increase
in sheft horsepower resulted in a more uniform distribution of total
pressure at the tail-pipe-nozzle outlet (fig. 23).

Effect of ram-pressure ratio. - The effect of ram-pressure ratio
on the total-pressure, static-pressure, and indicated-temperature
surveys is shown in figures 24 to 32 for compressor-inlet ram-pressure
ratios of 1.00 and 1.09 and shaft horsepowers of 340 and 330, These
date were obtained at an altitude of 35,000 feet and an engine speed
of 13,000 rpm. In general, the variation of carpressor-inlet rem-
pressure ratio from 1.00 to 1.09 did -not have any appreciable effect
on the pressure and temperature distributions.

Wing-duct-inlet surveys (fig. 24(a)) show thet at a compressor-
inlet ram-pressure ratic of 1.00 there was evidence of flow separa-
tion in the upper region of the right duct. As was previously
discussed, this flow separation is attributed to the rotation of
the propeller slipstreem and the high inlet-velocity ratio. Eigher
pressures occurred at the compressor outlet and the turbine inlet
when the ram-pressure ratio was increased to 1.09. (See figs. 27
and 28, respectively.)

SUMMARY OF RESULTS

The following results were obtained from ar investlgation of
an axial-flow gas turbine-propeller engine in the Cleveland albtltuds
wind tunnel over & rarge of altitudes froam S000 to 35,000 feet,
engine speeds from 8000 to 13,000 rpm, and rem-pressure ratios
from approximately 1.00 to 1.17:

1. Changes in engine speed hed no appreciable effect on the
circumferential or radial distribution of presswres and tempera-
tures at any of the measuring stations with the exception of the
compressor inlet, the compressor outlet, and the tall-pipe-nczzle
outlet. As the engine speed was increased, the radlal distribu-
tion of total pressure at the compressor inlet beceame less uniform;
whereas the distribution at the tell~plpe-nozzle outlet became more
neerly symmetricel with respect to the center of the tall pipe.
Large variations in the circumferential distribution of dynemic
pressure at the compressor outlet occurred at all engine speeds.
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2. Variation of shaft horsepower dld not greatly affect the
circumferential or radiasl distributions of pressures and tempera-
tures at any measuring station except the tail-plpe-nozzle outlet,
where the total-pressure distribution became more uniform with an
increase in engline power.

3. The circumferential or radiel distributions of pressure
and. temperature were unaffected by a change in ram-pressure ratio
from 1,00 to 1.09.

4, Flow separation, which ocourred in the upper region of the
right wing-duct inlet for same operating conditions, was attribubted
to high inlet-velocity ratio and rotation of the propeller slip-
stream,

5. The total-pressure loss between the campressor outlet and
the turbine inlet was approximately 0.9 of the dynamic pressurse
at the compressor outlet.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronsutics,
Cleveland, Ohio.
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NACA RM No. E8BFI0b

NACA

C- 17386
12- 12. 46

Figure 2. =-.Front view of axial-fiow gas turbine—propelier engine
installation in altitude wind tunnel.
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Figure 3. ~ Sketch of axial-flow gas turbine-propel ler engine Instaliation showing location of wing
ducts and inlets.
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Figure 4, - Typical over-all average pressure profile through axial-flow gas turbine-propeller

engine for engine speeds from 10,000 to 13,000 rpm. Altitude, 5000 feet; compressar-inlet

ram-pressure ratio,
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Flgure 5, - Effect of engine speed on distribution of total pressure, static pressure, and indicated
temperature at wing-duct Inlets, Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00.
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Figure 5. - Contlinued. Effect of engine speed on distribution of total pressure, static pressure,

and indicated temperature at wing-duct inlets,

ratio, 1.00.
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oz

“ON WY YOVYN

Q01483




831

o Tokal-prossurs tuba
e fStatic-pregsure tube
» Thermocouple

Laft ving-dust inlet Right wing-duot inlet

»
-
-
.
.
*
.
.
.

sahs » ssoa
ceses O ebew
as® a esroc

Rake Rake| 2 Rake|3 Raky 4
QO Total pressure
B8 1900 4 [ Btatic pressnre

& ©Q Indicated bempersturef
v
] -2 O-— o—— -0-¢—O—01-0~0-0 ->-—04+—01—-0+40-0 Ot O—O———C}—
2480 3 1600

Q [ —
£ 3 ki 1
i ]
a2 . it}

L ¥
k: g 1700
- o
I
E g Rake Rake| 6 Raka|? Rakd 8
4 A
[ ] -
5 -
« 600 E‘uoo p. £
8 b
g &
¥ oo Eion0 104 -0-4—o}—ot-o-}o0 o-g—ol—ol-o1-od -o—jo— -

Tt 31 M
E ] [ - &
noo[r
0 ¢ 5 0 1 3 3 4 B 8 1 2 3 4 & o 1 2 3 4 &

Figure 5. - Continued.

Distance from bottom of dust, in.
(o) Engine epeed, 12,000 rpm; tall-pipe tomperature, 14859 R.

Effect of engine speed on distribution of total pressure, static pressure,

and Indicated temperature at wing-duct inlets. Altltude, 5000 feet; compressor-inlet ram-pressure

ratio,

1.00.
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Figure 6. - Concluded. Effect of engine speed on distribution of total pressure, statlc pressure,
and Indicated temperature at wing-duct Iniets, Altitude, 5,000 feet; compressor-inlet ram-pressure
ratio, 1.00.
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Flgure 6. - Effect of engine speed on distribution of total pressure, static pressure, and indicated
temperature at compressor inlet. Altitude, 5000 feet; compressor-iniet ram-pressure ratio,l.00.

“ON Wd YIV¥N

q01483

&z



Compressor-Inlet indiecated temperaturs, °R

0 Total pressure
O Static pressure
¢ Indicated temperature

£
RS

o Total-pressure tube
e 3tatio—prassures tube
2 Thaermocoupls

Comprassor inlat, looking aft

Rake |1 hhkaE -hﬂm s
1800
510 - /] o To- - >
4 4 }
1700 1
£
500 9 = . % D
5
[ ]
» 1600 ’//n——4r—-—
- I
m R
3
Ilm
E (c) Eoglne
[ ]
[
B
© 1800 0=
Cl LT o]
) /'d/, /] O—to—| |0
g 4 ° ] N\
500 gmoo :
.\
e 4 ]
50 18 —
Odl\\\\ —t+o—+—-| g g R S
R \
1500
) 1 0 i 3

Figure 6. « Concluded.

and Indicated temperature at compressor inlet.

ratlo, 1.00.

' 1 2
Matance from inside wall, in,

{4) Engine speed, 13,000 rpm; tail-pipe Lemperature, 1510° R.
Effect of englne speed on distribution of total pressure, static pressure,
Altitude, 5000 feet; compressor-inlet ram-pressure

44

‘ON W VOIVN

901483



=
b
Static Engine Tall-pipe 9
pres— speed temperaturs 2
gure  (rpm) (°R)
=
o 13,000 1510 o
10,00 D 12,000 1495 m
¢ 11,000 1458 @
A 10,000 1527 J
o
o
/
y Yl
: '
[
o]
L]
—.g _____.<>
+» 6,000}
~
o —-—-‘ﬂ
u » i
N 2 %
= Gl !
- 5
o 4,000—% 8
g 3 &
» e o
k :
. o
5 2,000— :
3 » (3
]
»
(/4]
0
1 2 5 4 [ 8 7 8 8 10 11 12 13 14
Compressor stator stage
Figure 7. — Effect of engine speed on distribution of static pressure for each stage of compressor
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Turbine-inlet pressure, 1lb/sq £t absolute

Figure 9.
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(b) Engine speed, 11,000 rpm; tall-pipe temperature, 1458~ R,

~ Effect of engine speed on distribution of total and static pressures at turbine Inlet.

Altitude, 5000 feet; comprassor-inlet ram-pressure ratio, 1.00.
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(c) Engine speed, 12,000 rpm; tall-pipe temperature, 1495° R,
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(b) Engine speed, 11,000 rpm; tall-pipe temperature, 1458° R,
Figure 13. - Continued. Effect of englne speed on distribution of total pressure, static pressure
and indicated temperature at tail-plipe~nozzle outlet.
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Flgure 256, - Effect of compressor-iniet ram-pressure ratio on distribution of total pressure, static
pressure, and Indicated temperature at compressor inlet. Altitude, 35,000 feet; engine speed,

13,000 rpm,
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Figure 27. - Effect of compressor-inlet ram-pressure ratio on distribution of total! pressure, static
Altitude, 35,000 feet; engine speed,

pressure, and indlcated temperature at compressor outlet.
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Figure 28, - Effect of compressor-inlet ram-pressure ratio on distribution of total and static pres—
sures at turbine inlet. Altityde, 35,000 fTeet; engine speed, 13,000 rpm.
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Figure @. - Effect of compressor-inlet ram-pressure ratio on distribution of total and static pres~

sure at turblne outlet.

Altituda, 35,000 feet, engine speed, 13,000 rpm.
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Figure 31. - Effect of compressor-Intet ram-pressure ratio on distribution of total pressure, static

pressure, and Indicated temperature at exhaust-cone outlet.
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(b) Compressor~inlet ram-pressure ratio, 1,09; shaft horsepower, 330,

Figure 3l. ~ Concluded. Effect of compressor-inlet ram-pressure ratio on distribution of total pres-
sura, static pressure, and indicated temperature at exhaust-cone outlet. Altitude, 35,000 feet;

engine speed, 13,000 rpm.
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Figure 32, ~ Concluded. Effect of compressor-inlet ram-prassure ratio on distribution of total pres-
sure, static pressure, and indicated temperature at tail-plpe-nozzie outlet. Altitude, 35,000 feet;

engine speed, 13,000 rpm.
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